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INTRODUCTION 


The pathophysiological causes of cancer have been and still are a 
puzzling and yet fascinating field of investigation. Many of the 
theories expounded have involved embryonic tissues as the source of 
cancerous growth. If autonomy and anaplasia are accepted as the chief 
characteristics of cancer, (33) it can readily be seen why embryonic 
tissues have been used in cancer research. As early as 1864, attempts 
have been made to produce sarcomas, teratomas and other cancerous tissue 
from embryonic transplants (61). Greene has produced teratomatous tissue 
by transplanting rabbit embryos to the testes of guinea pigs. Occasionally 
transplants of these tissues showed "changes highly suggestive of carcinoma 
or sarcoma" (22). He has also noted modifications in the differentiation 
of embryonic tissue, notably in the lung, where squamous metaplasia of 
the bronchial epithelium and epithelialization of alveoli (so-called 
lung adenomas) are most common (23). 

Willis (61) summarizes the attempts to produce teratomas and other 
tumors from embryonic transplants (up to 1934) as follows: 

imbryos or parts of embryos, implanted whole or minced or 

pulped into adult animals of like species, may suffer any 

of three fates: (i) the tissue may be rapidly and completely 

absorbed, or (ii) they may survive, erow, and then suffer 

resorbtion, or (iii) they may grow to considerable masses 

of mixed differentiated tissues which may persist for long _ 

periods, even for the lifetime of the host animal...The masses 

obtained from embryo tissues are not teratomas; they are 

merely differentiating grafts. 

Moreover, Greene (22) casts doubts on tumors reported in the 
literature which arise from untreated transplants, while Rous (2,3) states 


that no matter how stimulated experimentally, embryonic tissues have 


formed nothing more than self limited teratoid growths. However, he 
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admits that "a neoplasm has occasionally arisen, but the very rare 
carcinomas have occurred under equivocal conditions, while the 

sarcomas might well have derived from the stroma supplied to the 

implant from the host." (55). He further reports the formation of 
malignant epidermal tumors from the painting of methylcholaenthrene on 
embryonic skin transplants. Earlier and later investigators (2,3,2h, 
34,45,53) have shown that with the use of methylcholanthrene or Fowlers 
solution, carcinomas and sarcomas can readily be produced from embryonic 
tissues. Loeb (40) speculates on the production of cancer by such 
adjuvants as methyl cholanthrene and Fowlers solution as being caused by 
an excessive growth stimulus given to susceptible tissues which then 
autocatalytically continue to grow. Although these chemicals are not 
normally found in the body, there are substances in most body fluids that 
are cancerogenic. The sex hormones are, according to Loeb, (41) 

the only cancerogenic substance known so far which are 

normal constituents of the animal body and which here 

exert a normal function mainly and primarily as growth 

stimulators in the accessory sex organs, and as a result 

of this function, may cause the development of cancer 

in the organs in which they normally induce growth 

processes. 

Administration of estrogens has resulted in interstitial cell 
tumors of the testis tin certain strains of mice (4,5,1¢6,31). Granulosa 
cell tumors and luteomas were produced by excess production of pituitary 
gonadotrophins by the ingenious method of intrasplenic ovarian transplants 
in castrate male and female mice (36). 

The transplantation of embryonic ovary and testes in close 


association was planned for the study of: (i) the possible tumor inducing 


properties of such transplants and (ii) the transplantability of embryonic 
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gonadal tissues (8,10,12,13,14417 519 530,35 537539547 548,515 5455755855960) ° 


ae 1 
METHODS AND MATERIALS 


Mixed breed guinea pigs, three to four months old, were used in all 
the eye transplents. Although the anterior chamber was somewhat smaller 
in these animals than in fully grown adults, it has been noted by Rous (50) 
onat growing animals are better hosts for embryonic transplants. 

Donor Tissues 

The embryonic ovaries and testes used in the transplants were 
obtained under aseptic conditions by cesarean section after the mother 
had been sacrificed in a chloroform jar. The embryos were placed in 
sterile Petri dishes and the gonadal tissues removed. These were placed 
in a separate Petri dish with either normal saline, amniotic fluid or 
embryonic skin added to protect the small pieces of gonads from dehydration. 
Embryos of 4.5 to 11 cm. in size were used. They were approximately forty-— 
five to sixty-five days of gestation (15,30). 

Bookhout (6) has shown that it is possible to differentiate ovary 
from testes on the twenty-seventh day of gestation and the medulla end 
cortex by the forty-fifth day. In the embryos used, it was usually 
possibly, by gross morphology, to differentiate testes from ovaries. 

The testicular tissue was cut into two or more pieces. If the 
ovaries were over one millimeter in diameter, they, too, were split 
before being transplanted. In all but four animals, only litter mate 
gonads were used in the cotransplants. In so far as possible, it was 
also attempted to obtain controls from the same litter used in the 
experimental group. 


Transplantation into the Anterior Chamber of the Eye 
Loeb (43) has noted that transplants are influenced both in the 
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number of "takes" and growth by the site of transplantation. The 
anterior chamber of the eye is the most advantageous site known for 
endocrine organ transplants (23,41). In addition the technique is 
simple; a high number of transplants "take''; srowth can be followed by 
gross observation; they can readily be separated from the host tissue; 
and there is less inflammatory reaction than in other sites. 

Greene's (20) transplantation technique was used in all the eye 
transplants.* In most animals, this was done in the right eye snl) 

After fastening the animal to a board by all four extremities, 
cocaine (5%) was instilled into the eye. While the eye was being 
anesthesized, the tissue (ovary, testis, or ovary and testis) was either 
placed in the trocar (#19) with fine forceps or aspirated into the trocar 
by withdrawing the stylet. A corneal knife was then used to make an 
incision at the superior corneoscleral junction. The trocar was inserted 
into the anterior chamber and the tissue expelled. The tissue was then 
pushed into the iridocorneal junction. This was accomplished by external 
pressure on the cornea applied with the aid of a blunt instrument. No 
sutures were necessary. In order to avoid infections, strict sterile 
technique must be used. Antibiotics may also be of use. 
Transplants to the Testicle 

Many investigators have used the testicle as a transplantation site 
for Jonadaa tissues (22,38,39,51,58,59) Although not as good as the 
anterior chamber, successful transplants have been reported. 

The testicles of adult guinea pigs were cleaned with 70% ethanol. 
An embryonic ovary was inserted into a lumbar puncture needle (#19). The 
testis was visualized by a nick in the scrotum. The lumbar needle was 


*For a beautiful photographic sequence of the technique, see Patino's 
(44) work. 
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then introduced into the middle of the testis and the ovary was 
expelled by the stylet. The lumbar needle was then examined to make 
certain that the tissue had been left in the testis. No sutures were 
placed in the scrotum. Some animals had transplants introduced 
bilaterally. 
Ovariectomy 

A bilateral lumbar subcostal approach was used for ovariectomy. 
The back of the animal was shaved from T5 to L5. The skin was cleaned 
with 70% alcohol and a one cm. incision made just below the costo- 
vertebral angle. The incision was deepened down to the peritoneum, 
keeping as bloodless a field as possible. The proximity of the ovary was 
located by using the peritoneum as a glass bottomed boat. when a small 
white tubular structure was visualized, the peritoneum was pierced with 
forceps and the tubular structure grasped and brought out into the wound. 
The ovary was also pulled into the wound by this procedure. It was then 
ligated and removed. The muscles and skin were closed with silk in 
separate layers. The procedure was then repeated on the other side. 
Castration 

The scrotum was shaved and cleaned with 70% ethanol. Using an 
iris scissor, a small 3/4 cm. incision was made in the ventro-lateral 
area of each scrotal sac. The incision was carried through the tunica 
vaginalis. This allowed the scrotal contents, when messaged from the 
abdomen towards the incision, to be extruded from the scrotum. The testis 
and epididymis were then clamped, ligated, and removed. The spermatic 


cord and vessel were then replaced into the abdomen via the inguinal 


canal with small forceps. The procedure was repeated on the other side. 


-7 = 


The edges of the scrotum were approximated. No sutures were necessary. 

Intramuscular nembutal anesthesia was used in the above procedures. 

All spayed and castrated animals were allowed to recover from the 
operative procedure for two or three weeks before receiving transplants. 
Harvesting of Tissues 

In the eye transplants, the hosts were sacrificed with liberal 
doses of chloroform. The eye was then removed and the transplant with 
its attachments dissected free, placed on blotting paper and fixed in 
10% formalin. Representative sections of all successful transplants 
were taken and stained with Harris! hematoxylin and eosin. 

The testicular sites of transplantation were dissected free from 
the dead animal and fixed in formalin. Thin sections were then cut 
with a razor blade and examined. The site of the transplant was then 


used for microscopic sections. 
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Table 1 


Normal animals with ovary and testis cotransplants* 


Embryos Male — Female Total 

Total 7 £00 6 100 13. 460 
Male takes 2 29 3 50 5 a9 
Female takes @) 6) O 6) O 0 
Absorbed 0 1 Ly x & 
Regressed 5 Ti 2 32 i Eye! 


*Only non-pregnant cotransplents from the same litter and under 
14 weeks duration in the eye. 


Table 2 


Castrate animals with ovary and testis cotransplants. 


Embryos Host 

Male Female Total 

a: poniay # 
Total 5: 760 6 LOO 12) ee 
Male takes 3 60 4 57 v 58 
Female takes it 20 0 6) BE 83 
Male and female takesO 0 fe) 6) @) 0 
Absorbed 0 ad 14 LE 83 


Regressed. a) 20 2 29 5 25 


ie 


RESULTS 


Ovary and Testis Cotransplants in Normal Animals 


Thirteen normal animals (Table 1) had cotransplants of ovary and 
testes tissue taken from the same litter. Of these, about half (7) 
were male and half (6) female. The embryos used varied from seven to 
ten cm. in crown-rump length (approximately from the last third of 
gestation). Tissues were removed from the anterior chamber four to ten 
weeks after transplantation. 

It is interesting that out of thirteen cotransplants, no overies 
were recovered. The number of "takes" in the male and female hosts, if: 
harvested at the end of three weeks, would have been almost equal. How- 
ever, with time, more of the male host transplants regressed, 

After having examined the cotransplants microscopically, it was 
found that the female hosts had more gonadal tissue "takes!" (three out 
of six) than the male (two out of seven). 

Qvary and Testis Cotransplants in Castrate Animals. 

Twelve animals, whose gonads had been removed at least two weeks 
prior to transplantation, received cotransplants of ovary and testis into 
the right anterior chamber of the eye. Five males and seven females were 
used. The embryos ranged in crown-runp length from five to seven cm. 
and remained in the eye from two to five weeks. 

Similar to the normal group, only one of twelve cotransplants 
yielded ovarian tissue (Table 2). There was an overall sixty per cent 
recovery of testicular tissue with an equal recovery rate from male and 
female castrates. The per cent age of regressed cotransplants is also 


similar for both sexes (20% of the males and 29% of the female hosts.) 
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Table 3 


Cotransplants of Ovary and Testis in Pregnant Hosts. 


Host Transplanted Weeks in Time of Preg** Time of Regressic 

Tissue eye Weeks after Weeks after trans 

transplantation plantation 
2) R if al 4 
27 R {i & 4 

BS Male — 3 2 

116 R 1A 4 ? 
Lu A 14 8 ? 
119 R 14 4 y) 
12 R 20 2) 3 


= Regressed 
= Absorbed 


or from the size of the embryos at the time of sacrifice of the host. The 
length tables of Draper (15) were used to estimate the age of the embryos.§ 
It is, therefore, a very rough estimate. Regression was judged by the 
gross appearance of the transplant as observed in the eye. 


Table 4 


Cotransplants of Ovary and Testis in Pregnant Hosts.* 


Host . 
Embryos Number of animals Per Cent | 
Total 3 100 
Male takes aL 53 | 
Female takes 0 0 | 
Absorbed @) e) | 
Regressed 2 67 | 


*Animais 25, 27 and 35. 
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None of the cotransplents yielded both ovarian and testicular tissue. 
Cotransplants of Ovary and Testes in Presnant Animals. 

Seven animals with cotransplants of ovary and testis were pregnant 
during the time transplants were in their eyes (Table 3). One animal 
was sacrificed after three weeks and was found to be pregnant. (Unfortunately, 
the embryos were not measured and therefore no estimate could be made of 
the time of pregnancy). The tissue from the eye was found to be testis. 

In five other animals that became pregnant from one to five weeks 
after transplantation, the tissues all regressed, usually about the 4-5 
week Beet ere eriemtat ion. However, in one animal the cotransplant had 
an increase in size about the time of conception. A little red dot could 
be seen on the transplant. This persisted for three weeks and then disappeared 
while the rest of the transplant became white and regressed. The trans- 
plant regressed completely so that no histological examination could be 
made. From its gross appearance, it might have been a corpus luteum of 
pregnancy. 

If a comparison is made of the three pregnant animals (Table 4), 
whose transplants were removed before ten weeks, with the normal (Table 1) 
and the castrate (Table 2) animals of 2 similer period, it is seen that the 
pregnant animals compare to the group of normals as far as the per cent 


NY 
age of testis "takes" is concerned. 


Bilateral Gonadal Transplants. 

In three spayed females and four castrate males, embryonic gonads 
of 4.5 to 11.5 em. in crown-rump length were transplanted to both eyes. 
After three to four weeks, the transplants were removed: Four of the 


animals had ovary placed in one eye and testis in the other. In one of 
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Absorbed 


Regressed 


Embryo 


Total 
Female takes 
Absorbed 


Regressed 


Table 5 


Normal hosts with testis transplants 


Host 
Male Female 
# vA tf i 
6 160 Z 100 
2 Be. 2 100 
3 50 O O 
ne 7 O 0 
Table 6 


teeay 

100 
4 50 
1 38 
ne 12 


Normal hosts with ovary transplants 


Host 
Male Female 
rae ey 
6:7 TLOO 2 100 
2 Bie) ide 20 
2 BBR 20 
2 Soo ee 60 


46 
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these animals, pote ovary and testis were found; in another animal 
neither tissue was found; in a third animal the ovary regressed and in 
the last animal, the testis regressed. Two animals had successful testis 
grafts in both eyes. One animal with ovaries in both eyes did not have 
any tissue in one eye and only fibrous tissue in the other. 

The most interesting result of this experiment is that one out of 
four testis and ovary transplants was positive for both tissues while 
none of the cotransplants had both ovary and testis present when the trans- 
plant was examined. 

Normal Hosts with Testis Transplants. 

Eight animals had testis from embryos ten cm. in length transplanted 
into the anterior chamber of the right eye (Table 5). The tissues were 
removed in five to seven weeks. In the six males 1/3 of the transplants 
were recovered and recognizable as testicular tissue while in the two females, 
all of the transplants were recovered. One of the male host transplants 
regressed but none of the female host transplents. Although only two 
animals represented the female host group, the results seen in the normal 
ovarian-testis cotransplants (Table 1) is the same, with a higher proportion 
of testis transplants being successful in the normal female host and the 
ratio of regressions higher in the normal male host. 

If the predominance of the male animals in this group (Table 5) 
was corrected to an equal male and female group, the overall ratio of 
"takes" would be about 65%. 

Normal Hosts with Ovary Transplants. 

Of the eleven normal animals transplanted with embryonic ovaries 

(Table 6), six were males and five females. The embryos ranged from 


eight to ten cm. in length and remained in the anterior chamber of the 
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Table 7 


Castrate hosts with testis transplants 


imbryo Host 

Male Female Total 

t 2 phd #2 
Total A LOO 4 100 8 100 
Male takes 2 50 A 100 6 75 
Male absorbed 2 50 6) Z 25 
Regressed 0) O O 9) 0 

Table 


Castrate hosts with ovary transplants 


| Embryo Host 
Male Female Total 
it it Me eee 
Total Dx | LOG 5 100 LO. 1006 
Female takes ny 20 2 4,0 3B. 30 
Absorbed Pee LO 2 1,0 bp 
Regressed ZB LO 1 20 3 30 


mG 


right eye from three to seven weeks. The number of "takes" in both 

sexes as well as the number of regressions were not significantly different. 
Perhaps with a larger series of animals the slight difference shown may 
become more evident. However, in general, the embryonic ovarian tissue 
seems to differ from embryonic testis tissue in transplantability by a 
lower per centage of "takes" (27% as compared to 65%) and by an equal 

ratio of "takes" in both sexes as opposed to the higher number of "takes! 
the male transplant has in the female host. 

Bronski (8) has noted a similar lack of success in the transplantation 
of embryonic guinea pig ovarian tissue to the anterior chamber of the eye 
of adult animals. Dameron (12), on the other hand, has reported 50-60% 
"takes" of guinea pig ovary using 30-42 day old embryos transplanted into 
the anterior chamber of normal adult hosts. He also reports up to 90% 
"takes" in castrate adult hosts. 

Castrate Hosts with Testis Transplants. 

Hight castrate animals (four males and four females) received 
embryonic testis transplants from embryos 6 to da ems in size, ' The 
transplants were recovered in four to five weeks. The testis tissue grew 
in all of the females and only in half of the males (Table 7). These 
results are very similar to the findings in the normal group (Table 5). 

Of special interest are the female hosts, since all of the testis transplants 
were recovered in the castrate as well as normal animals. 
Castrate Hosts with Ovary Transplants. 

Ten castrate animals (five males and five females) had ovaries from 

embryos 4.5 to 11.5 em. in C-R length transplanted to the anterior chamber 


of the right eye (Table 8). The tissues were removed in three to four weeks 
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and examined histologically. Three out of ten transplants were successful, 
three regressed and four were absorbed. If a comparison is made to the 
normal group (Table 6) no major differences are noted. 

Embryonic Ovary Transplanted to Adult Testes. 

Seven adult guinea pigs had whole ovaries from seven cm. guinea 
pig embryos implanted into the right testicle with a trocar. Three 
additional adult guinea pigs had whole ovaries from five to seven cm. embryos 
transplanted into each testicle. One adult animal had split testes from a 
seven cm. embryo transplanted to both testicles. The host testes were. 
removed at intervals of two weeks to five months. The only tissue recovered 
from all of these grafts was a small area of inflammation infiltrated with 
small round cells. This was from a three week old transplant. 

Adult ovaries have been successfully transplanted to the testes in 
mice (28) and in guinea pigs (39,59). Neonatal ovaries were transplanted 
into rats by Turner (57). However, Willis (61) could not get embryonic 
transplants to grow in rat testes. Greene (22), using the rabbit, was 
successful in transplanting embryonic tissue grown in the testes into a 
second generation of testes transplants. No gonadal tissue was used in 
these transplants. Greene (25) also had success in the transplanting of 
embryonic ovaries into the testicles. In none of the transplants reported 
in the literature was there any abnormality poner than calcification or 
bone formation encountered (54). 

Second Generation Transplants into the Anterior Chamber of the Hye. 

Greene (22) has reported on the serial transfer of non-endocrine 

embryonic transplants into at least two generations without any loss of 


transplantability. An attempt was made to repeat these experiments using 
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embryonic gonadal tissue. The tissue used was from a castrate female 

who had a cotransplant that filled half the anterior chamber of the eye 
at the end of three weeks (Figure 10). The tissue was removed under 
sterile conditions and split into four pieces. These pieces were trans— 
planted to the anterior chamber of the eye of two female and one male gonad- 
ectomized animals. The tissue was absorbed in less than two weeks in all 
three cases. There were no signs of infection present. Histological 
examination of the tissue transplanted revealed only seminiferous tubules 
surrounded by a lymphocytic reaction. Few spermatogonia were present and 
the major portion of the tubules consisted of sertoli cells. 
Miscellaneous Ovary-Testis Cotransplants. 

Two normal male animals had two day neonatal testis cotransplanted 
with eight cm. embryonic ovaries into the anterior chamber of the same eye. 
In addition, two normal males had seven cm. embryonic testis cotransplanted 
with eight cm. embryonic ovaries into the anterior chamber of the eye. Of 
the former group, only testicular tissue was recovered from one transplant 
while the other was absorbed in less than two weeks. In the latter group, 
the cotransplant was absorbed in less than two weeks in one host and regressed 
after three weeks in the other. 

The Role of Embryo Age in Transplantability. 

In a control series of thirty-two animals, eight of the animals hed 
transplants of either ovary or testis from embryos five to eight cm. in 
length and twenty-four had transplants from embryos 9 to 11.5 cm. in length. 
By using the arbitrary division of 5-8 and 9-11.5 cm., a comparison can be 
made of an earlier embryonic stage to a later one. The five to eight cm. 


embryos are approximately from the early period of the last third of 
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Table 9 


Embryo size and transplantability* 


Embryo Host (Nec) Transplant 
Size 
Male Female Testis Ovary 
i/t 2 Aye 2 A/G ue Eee 
5-8 cm. 1/5: 20/0/30 0/2. 0 1/6" a7 
9-11.5 em. 5/ TE eb s/13 23). 1 /Me BB Le 33 


*A = Number absorbed 
4? = 
testis in one eye). 
3 castrate and 5 normals in the 5-S cm. group. 
11 castrate and 13 normals in the 9-11.5 cm. group. 


Table 10 
Embryo size and transplantability 
Embryo 
Host (N&C) Transplant 
Size 
Male Female Testis Ovary 
Roh. Bee Ve ey 
5-8 cm. B45) hOr 1/3) (38 0/20 3/6 50 
9-11.5 om. | ih /MS6: 3749.28") ee ee Ge ae 


-R = Number regressed 
T = Total as in Table 9. 


Table 11 


Embryo Size and transplantability 


Embryo Host (N&C) Transplant 
Size 
Male Female Testis Ovary 
Ly ney Se I Sai os dle 
5-8 cm. 2/5 40 2/3 67 2/2 \ $60 2/633 
9-11.5 om. 2/11 -18 2/13 54 Wie) Sp 2/12 ae 


T = Total number as in Table 7. 
t+ = Number of takes. 


Total number in category (only animals with ovary'or 
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gestation and the 9 to 11.5 cm. embryos are from the late period of the 

last third of gestation (15). The enimals were grouped in two different 
ways and then compared as to the ratios of transplants absorbed,* regressedt 
and "takes""T. 

In Table 9, the ratio of transplants absorbed in the older aes 
group is greater in every category (male and female, testes and ovary). 

In Table 10, the ratio of the transplants that regressed is analyzed 
in two different ways. The ratio regressed is similar in both the early 
and late embryo groups for all categories. 

The number of successful "takes" are compared for the younger and 
older age embryonic transplants in Table ll. The younger group has a 
higher proportion of "takes" than the older in all columns, 

Thus it would appear that there is an inverse relationship between 
the success ee embryonic gonadal transplant and the age of the embryo. 
Although these differences are small, the difference in the age of the 
embryonic tissue was also small (i.e. early and late last third of 
pregnancy). Perhaps if newborns were compared to embryos removed in the 
middle of gestation, a greater difference would be shown. 


Duration of Transplants. 


Turner (57) had intraocular testicular transplents, in rats, produce 


*Absorbed is defined as describing a transplant that did not show 
any increase in size and disappeared from the eye in less than two weeks. 


tRepressed is defined as describing a transplant that showed signs 
of vascularity, increase in size and then was either resorbed completely 


or showed no gonadal tissue on histological section. 


-¢"Takes" is defined as transplants removed from the eyes after 
three or more weeks and have evidence of gonadal tissue on histological 
examination. 5 


apes 


hormones for fifteen months. Successful embryonic gonadal intraocular 
transplants have also persisted for months in Dameron's (13) experiments. 

The longest histologically proven male transplant surviving remained 
in the anterior chamber for eight weeks. No difference could be demonstrated 
in the ratio of "takes" to regressions as the transplants were allowed to 
remain in the eye for increasing periods of time (two to teh weeks). eae 
ever, in three female hosts, with good growths, cotransplants were allowed 
to stay in the eye for fourteen weeks. After six, seven and ten weeks, 
the peaveni age: regressed so that at the end of the fourteen week period, 
no evidence of the transplants was present. 
Microscopic Description of the Transplants. 

When the histological sections of the transplants were examined, 
they were grouped into four main categories, as follows: 

1. Necrotic tissue - eosinophilic tissue with poor cellular content 
and large quantities of hyaline-like substance. 

2. Infected tissue - large quantities of polymorphonuclear cells 
present. 

3. Regressed tissue - characterized by a round cell infiltrate 
with or without fibroblastic proliferation (Figures 16, 17). 

4. Gonadal tissue - indicated by the presence of ovum or semini- 
ferous tubules (and in one case, rete-testis). Signs of regressive 
changes were usually present. The round cell infiltrate was more prominent 
near the center of the transplant while the Pleat a Side proliferation 
appeared to be spreading from the periphery towards the center. 

None of the cotransplants had ovary and testis tissue present in 
the same eye nor were tumorows growths present. 


The ovarian tissue removed from the castrate animals had only 
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primary follicles (Figures 14, 15). There weld developed granulosa cells 
in several of these transplants. The normal animals, as a group, had a 
younger appearing ovary transplant (Figures 12, 13). Many ovum were seen 
surrounded by a single layer of follicle cells, presenting a picture 
similar to tae ovum found in an embryonic ovary (Figures 3, 4). There were 
few granulosa cells present in the transplants of normal hosts. At no 

time were corpora lutea noted in castrates or in normals. This is 
predictable since corpora lutea normally appear almost two months after 
birth (7). None of the transplants were allowed to develop for that long 
a@ period of time. 

The testicular transplants that developed best were in castrate 
males and females (Figures 6, 7, 8, 9). There was hardly any fibrosis or 
round cell infiltrate in these transplants. The interstitial cells were 
more numerous in the castrate host transplants (Figures 6, 7, 8, 9) than 
in normal host transplants (Figure 5) or in adult testis. However, the 
seminiferous tubules showed only a single layer of cells (Figure 9). Most 
of these appeared to be Sertoli cells. Rare spermatogonia were seen. The 
seminiferous tubules in the normal host transplants were not very different 
from those in the castrate hosts. Interstitial cells were either absent 
completely or few in number in the transplants from normal hosts. This was 
even more marked in both castrates and normal animals when there were round 
cells or fibroblasts in the close vicinity. 

Cystic structures of unknown etiology were noted in some trans- 


plants (Figures 14, 18). 


== 
SUMMARY OF RESULTS 


1. None of the twenty-five cotransplants showed evidence of both 
ovarian and testicular tissue, whereas one out of four ovary-testis 
transplants into different eyes of the guinea pig had both gonadal tissues 
present. 

2. Guinea pig ovarian tissue did not grow as well as testicular 
tissue in the anterior chamber of the eye. 

3. In general, there was no marked difference between the number 
of "takes" of gonadal tissue in castrates and normal hosts. 

4. The female appears to be a better host than the male for testis 
transplants. 

5. Gonadal transplants do not survive as well when transplanted to- 
gether as when transplanted individually. 

6. All thirteen embryonic ovaries implanted into adult testes failed 
to survive. 

7. Embryonic gonads from the early part of the last trimester of 
pregnancy appear to have a slightly greater ratio of successful transplants 
than gonads from the late part of the third eee 

8. The longest histologically proven surviving transplant was eight 
weeks old and of testicular tissue. 

9. Microscopic description: 

a) Only primary follicles were seen in recovered ovaries. 
b) Ovarian transplants in the castrate appeared more mature 
than in normal hosts. 
c) The seminiferous tubules showed only a single layer of cells 
in most transplants. Sertoli cells predominated. No spermato- 


cytes were seen although rare spermatogonis were present. 
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d) Several castrate host transplants had Leydig cell hyperplasia. 

e) Castrate animals had the better appearing testicular transplants. 

f) Regressive changes were characterized by round cell infiltrates 
and fibroblastic proliferation. 


g) No teratomatous or cancerous tissues were produced. 


Yd adparascd 


ong sew eensekd averdonaa to. auod 


14 
4 


1s 
DISCUSSION 


The transplantation of embryonic gonads into the anterior chamber 
of the eye of guinea pigs has been reported by Dameron (13) and Bronski (8). 
Dameron states that 50-60% of the ovaries or testes can be successfully 
transplanted into normal adults whereas up to 90% "takes" can be obtained 
in castrate animals. These contrast with the 66% successful testes grafts 
in normals, 75% in castrates and a 30% success with ovary grafts in normals 
and castrates presented in this paper. There are even greater differences 
if the reports of other species are reviewed. Goodman (17) had 85-100% 
"takes" of ovaries in adult spayed rats, 90% in normal males and 89-99% in 
normal females. Dunham and Watts (16); using newborn and adult rat ovaries 
transplanted to adults, found positive "takes" in over 704 of gonadectomized 
animals and about 40% in normal animals. Ward (60) used neonatal ovaries 
transplanted into rats. He had good results in over 90% of the normal 
females, 80% of the castrate males and 75% of the castrate females. 

It is difficult to compare the results of investigators in this 
field because of the multiplicity of variables involved in transplantation. 
For the purposes of discussion these variables can be divided into three 
groups: transplant, host, and technique. 

Transplant Factors. 

The age of the embryonic tissue is significant. With the exception 
of Ward (60), who obtained poorer results with young than with older trans- 
plants, most investigators found transplants to be more successful when 
using younger embryonic tissue (41). Whether there is an optimal age for 


gonadal embryonic transplants has not yet been determined, however, on the 


corer od ane "eaalad" ‘woe ot ip as sail 
adhere ecdesd Lineasoau B38 ots die deerinon: nas ‘aleadne 
eLeurson ne ethers. yrsve: sittw eeopoue ROE 4 ans sodentaso ak aT 
Ws sesnetsthth rednorg, Hove ors eteiT .te8qsq, aide ab tedaeserg ee 
HO0L-28 Bie OH embod siewoirer as sekoage ‘redo. to ed 2 


2eitevo {séenosn peey ~ Basi sipmins 


aoitqenxs + auld adew Sneed Atnate a ouees 


=-20- 


basis of other embryonic transplants, one would expect the best period to 

be somewhere in the second trimester of pregnancy, after the differentiation of the 
parenchymal tissues and before the stroma became well differentiated. In 

addition, it has been observed that rapid growth occurring during this stace 
favors transplantability (44). 

Both the species and the individuality differences are important 
factors in the transplantability of tissues (41). This is certainly true 
of adult tissues and probably true, in part, of embryonic tissues. 

Although Greene (22) has been successful with transplants of embryonic 
tissues between species (rabbit and guinea pig), 3rowning (9) has not been 
able to produce growth of transplants between strains of mice. An antigen- 
antibody response to foreign protein has been offered as an explanation for 
the host reaction to the transplanted tissue (11, 21, 27). Greene (23) 
peleeres that when embryonic tissue is transplanted, the stroma of the 
transplant dies and is absorbed, while the parenchyma proliferates as it 
would in tissue culture. The host tissue then provides the stroma for 

the transplant as well as some of the vessels. He further states that 
since the parenchymal tissue of the transplant is less antigenic than the 
stroma fewer of the host's defenses would be mobilized and the graft 
remains viable. The ingrowth of stroma, it seems, is not completely 
beneficial because the fibroblastic response can overgrow and destroy the 
transplant (43). 

Another factor in the stroma support of transplants is that unless 
the specialized stromal requirements of a transplant are supplied the 
transplant will regress. Naturally, the rate of growth of the transplant 


will also modify its stromal requirement (21). 
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The specific tissue being transplanted is also of importance. For 
example, it is much easier for embryonic lung to survive transplantation 
than endocrine tissues, 

Host Factors 

The species and individuality differences between the host and the 
transplant are probably the most important of the host factors. Unless 
highly inbred strains of animals are used, it is almost impossible to 
dispense with individuality differences (41, 42). Such difficulties are 
not insurmountable for embryonic tissues have been transplanted not only 
to other species but also to other Gla=ces of animals GL 29) 6 

Even in homotransplants there is a species difference. The rate of 
growth and the number of successful transplants have been noted to be better 
in the rat than in other experimental animals. 

The site of transplantation in the host will also influence the trans 
plant. The brain and the anterior chamber of the eye seem to be the best 
sites in the body because of the mildness of the host response to the 
foreign transplant (23, 61). The temperature and the blood supply of the 
site are also to be considered (56). 

No relationship between the time of removal of the transplant and 
the number of successful "takes" was demonstrated in this paper whereas 
Loeb (41) feels that the time-lapse wil Alter the results of transplants. 

The sex of the donor in relation to that of the host is important 
in gonadal transplants. Testes grew better in normal females than in males. 
No large difference could be ascertained between the ratio of "takes" in 
gonadectomized and normals in the series presented yet others (12, 26, AX) 
state that there is a definite stimulus for endocrine tissues to grow in 


animals deficient in the specific endocrine gland. On the other hand, 
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Loeb (41) believes that, with the exception of the adrenal cortex, there 
is no difference in transplantation in animals that have or do not have 
their endocrine organs, 

Finally, the health and nutrition of the host must be maintained 
for successful transplants. 
Technigue Factors. 

Experimental technique used and the amount of trauma suffered by the 


transplanted tissue are of obvious importance, 


Transplants in Preenant Hosts 


There does not seem to be any agreement in the literature about the 
influence of pregnancy on the transplant. "In pregnant guinea pigs", 
writes Loeb, "the reactions against homogenous transplants of thyroid, 
cartilage, and fat tissue were severe in the majority of cases, even during 
early pregnancy of the host, but in some animals the reaction was relatively 
mild." Furthermore, "Freund believed that such tissue (embryonal trans- 
plants) grows better in pregnant than in non-pregnant hosts. However, 
according to Peyton Rous, in the mouse, peeenaaen, inhibits the growth of 
transplanted embryonal material in a similar manner to that of tumor trans- 
plants" (41). Patino (44), using embryonic adrenal and thyroid tissue, 
has noted an increase in vascularity and size in previously stationary trans- 
plants. | 

Although the pregnant animals tended to have regression of their 
transplants in this study, it is difficult to draw any conclusions since 


the series used was small. 


Embryonic Age and Transplantability. 


The relationship between embryonic age and transplantability deserves 


further comment. As early as the 1930's, it was known that the tissue from 
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very young animals gave better results on transplantation than older 
animals (42, 61). It was also found that fragments of organs from early 
uterine life grow more rapidly and to a greater extent than fragments of 
older organs (22). 

Browning (9), using mice, compared transplants of embryonic tissue in 
the last half of gestation to the transplants of newborn and adult tissues. 
He found the best growth in thirteen day old embryos; mild growth in sixteen 
day old embryos; and no growth in newborn or adult homotransplants,. 

The embryonic transplants persisted indefinitely while the adult 
tissue was absorbed. In heterotransplants (to mice of another inbred 
strain) he obtained similar results in respect to growth, but all the 
transplants regressed. 

The results of the comparison of the homotransplantability of younger 
and older embryos presented in this paper seem to agree with Browning's 
findings. 

; It is not known why embryonic tissues manifest such "autonomy" in 
transplants, while adult tissues do not. Cancers are the only other tissues 
known to have the property of autonomy. Aside from the accessory factors 
of cellular vitality and independent metabolism (44), the lack of species 
specificity on the basis of a low antigenicity is probably of great 


importance for autonomous growth. 


Cotransplantability 
| An interesting result of the attempt to grow testis and ovary in 


close association with each other in the same anterior chamber of the 


eye was the failure of growth of the embryonic ovary. By the laws of 
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of chance, at least fear OE the twenty-five animals should have had ovary 
and testis growing in the same eye,* and about eight should have had some 
ovary tissue. When ovary and testis were transplanted to separate eyes 
in the same animal, one out of four animals revealed the presence of both 
gonadal tissues. It is therefore known that embryonic guinea pig ovary 
and testis transplants can survive in the same host. Greene (25) has been 
successful in srowing these tissues in close association, in the guinea 
pig, and Dunham, Watts and Adair (16) performed a similar experiment in the 
rat. No specific figures are available in these ovary-testis cotransplants. 
There are several possible explanations for the lack of growth of 
the ovaries in the cotransplants. When tissues from two different donors 
are used, it is possible that we are increasing the intensity of the host 
response by Be ae an extra amount of foreign antigen (this is expecially 
true of mongrel guinea pigs). The host might have responded mildly to the 
introduction of one foreign tissue but very strongly to two foreign tissues. 
This explanation, however, is not plausible because it has been shown that 
there is a flow of antibodies as well as hormones between the blood and 
the fluid in the anterior chamber (11, 21). Thus, it would be of little 
difference if the two tissues were in the same eye or in different eyes. 
Another reason for gonadal cotransplant incompatibility might 


*In the control series, the overall recovery of testes was 
over 60%, while the recovery of ovaries was 30%. Therefore: -ratio 


testis "takes" x ratio ovary "takes" = vatio ovary-testes "takes 
-ratio-ovary-testis "takes" x number of cotransplants = number of 
. ovary testis "takes". 

3/10 x 6/10 = 18/100. 

18/100 x 25 = 450/100 = apprx. 4 ovary-testis "takes". 
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be an adverse effect of the hormones produced by one gonad on the other, 
Newborn gonadal tissues, transplanted to the eye, have been able to produce 
hormones (16, 57). However, it is doubtful if they have any effect on 
each other since embryonic ovaries have been grown in adult testis (25) 

and adult ovaries have also been known to produce estrogenic substances 
when transplanted to the testis (38, 39). 

The last Besei alse concerns the growth of the transplants. If 
the testicular tissue preferentially absorbed the nutrients in the aqueous 
humor, and overgrew the ovarian tissue, the reason for the difficulty with 
ovarian growth when in the same anterior chamber with testicular tissue, 
ean be readily perceived. This might also explain why the ovary retains 
the ability to grow in the anterior chamber of the other eye. Further 
support to this hypothesis are the facts that the anterior chamber is a 
better transplantation site for testes than for ovaries (56) and that 
besticilar tissue seems to grow much faster than ovarian tissue when trans- 
planted to the eye (44). 

In none of the cotransplants were there any changes suggestive of 
malignancy. The occasional cystic structure seen was probably due to 
fallopian tube tissue that was carried along with the ovary into the 


eye (iG). Similar results have been reported in rats (16). 


Maturation of the Transplants. 


When the transplants were examined microscopically it was hoted 
that the sections from gonadectomized animals had more mature ovaries and 
interstitial cell hyperplasia of the testes, whereas the seminiferous 


tubules were composed mainly of supporting cells with a few spermatogonia 
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and no spermatocytes. ixcept for the lack of maturation of the seminiferous 
tubules, these effects would be expected because the castrate and spayed 
animals produce large quantities of follicle stimulating hormone-and 
luteinizing hormone (49, 51, 52, yg 

Although the temperature of the anterior chamber of the eye 
approximates that of the scrotum (57), and there probably was an adequate 
follicle stimulating hormone level in at least the castrate and spayed 
animals, no spermatogenesis was noted. This may possibly be explained by 


Geleterious local environmental factors. 
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SUMMARY 


1. Embryonic guinea pig gonads were transplanted separately 
and together into the anterior chamber of the eye of three groups of 
guinea pigs: normal males and females, castrate and spayed, and 
pregnant animals. The ratio of successful transplants was compared 
in each group. 

2. A comparison was made between the transplants of embryos of 
different ages. 

3. The microscopic appearance of the transplants was described. 

4. The factors involved in transplantation and cotransplantation 


were reviewed. 


Figure l. 


Figure 2. 


Normal testis from a seven ecm. embryonic guinea 
pig X 27. 


Normal testis from a seven cm. embryonic guinea 

pig X 405. Note the cellularity of the seminiferous 
tubules and the clumps of interstitial cells between 
the tubules. (a) spermatogonia, (b) interstitial cells. 
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Ficure 3. Normal ovary from a seven cm. embryonic ruinea 
pig X 90. 


Ficure 4. Normal ovary from a seven cm. embryonic guinea 
pig X 405. (a) early ovum. 


Figure 5. Embryonic testis transplant from a normal female 
removed after five weeks. X 27. 


Figure 6. Embryonic testis transplant from a spayed female 
removed after four weeks. K 27. 
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Figure 7. Same transplant as Figure 6 but X 90. Note 
interstitial cell hyperplasia and the scarcity 
of cells within the seminiferous tubules. 


Figure 8. Embryonic testis transplant from a castrated male 
removed after four weeks X 27. 
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Figure 9. Same as Figure $ but X 405. Note (a) interstitial 
cell hyperplasia and (b) the acellularity of the 
seminiferous tubules. 


Figure 10. Embryonic ovary-testis cotransplant from a spayed 
female removed after three weeks. X 27. An attempt 
was made (without success) to carry this transplant 
for a second generation. 


Figure 11. 


Same as Figure 10 but X 90. Evidence of 
degeneration is noted by the round cell 
infiltration. 


Embryonic ovary transplant from a normal female 
removed after five weeks. X 27. Many small primary 
follicles are present. The ova are surrounded by a 
single layer of follicle cells. 


to wanekivil’ 
IDeo: panos 


Figure 13. Same as Figure 12 but X 90. 


Figure 14. Embryonic ovary transplant from a spayed female 
removed after four weeks. X 27. (a) ovum 
(b) cystic structures. 


Figure 15. Same as Figure 14 but X 90. Note several layers 
of follicle cells surrounding the ovum. 


Figure 16. Round cell infiltrate in a cotransplant removed 
from a normal female after 14 weeks. X 27. 
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from a normal male after four weeks. X 90. 


Fibroblastic proliferation 


Figure 17. 
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castrated male after three weeks. X 27. 
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Figure 18. 
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